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(With 2 figures) 
The writer already described that there were found two specific modes of 
occurrence of the sexual reproduction in the hydras, viz., the warm type and the 
cold one, whose sexual activity may be favoured respectively by warmth and cold, 
and that autonomic sexual periodicity was found in both types though their detail 
rather differs from each other (ITo, 1954a, b, c). 
Several species of the hydras, which had previously been reported in the present 
serial studies, were wholly dioecious, but Hydra parva has been known only as a 
hermaphroditic small-sized species from Japan and its sexual maturity has hitherto 
been observed frequently in fall in nature (ITo, 1947). Such being the species, 
the mode of occurrence of the sexual maturity io this species came into question. 
Thus, the environmental factors, chiefly the thermal one, to induce H. parva to 
the sexual reproduction were examined first by experimental mass cultures over 
a long period. The present paper deals with the results of these experiments. 
MATERIAL AND METHODS 
The animals were collected from a pond in Sendai in Octqber 1952 and were 
used in the experiments after cultivation at laboratory temperature during about 
two weeks. The polyps taken at random from the stock cultures were placed in 
cultur~ vessels, which were hard glass dishes of 90 mm in d.iameter and 45 mm in 
depth, together with filtered pond water, during the experiments, 
The polyps were fed ·with a definite volume of small cladocerans and copepods, 
such as. Ceriodaphnia quadrangu.la, Bosmina ··tongirostris, and nauplius larvae of 
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Sinodiaptomus sarsi, every other day except the case of starved cultivation. The 
media were partly renewed: by the fresh pond water, and the debris whi_ch accum-
ulated at the bottom of the vessels was removed, at every observation. 
Surplus polyps which were produced by the budding were removed from each 
.vessel. at every observation in order to maintain the initial number of the polyps 
throughout each experiment.·• To ho1cl the desired experimental temperatures, 
the cultures were continuously placed in the thermostats or refrigerators. . 
The other details in each experiment will be stated in the following results. 
RESULTS 
Seven cultures, Cultures A to G, which were respectively composed of twenty 
polyps except Culture F of twenty-five ones, were prepa~e~ in the middle of 
October and these cultures were first placed in wannth (21 ± 2'C) for 30 days. 
No polyps formed the gonads in all the cultures during this period (Fig. 1, A to 
~- . . 
Next, Cultures A to D· were transferred to cold (8 ± 3'C) and Culture E 
to medium temperature (14 ± 2'C), while Cultures F and G were successively left 
in the warmth. Of these, Culture D was starved after the transference throughout 
its cold cultivation for 36 days, and Cu1ture G was also ~tarved during the second 
30 days in the warm cultivation. 
As the result, a few polyps in Cultures A to E. came to develop t~ansparent 
projections of immq;tti're testes and low swelling of h:nmature OVCJ.ry (Fig. 2, A) 
after 2 to 6. days from the above-mentioned transference (Fig. 1, bin A to E). 
. In Cultures A to D under the cold conditions, the polyps with the immature 
gonads rapidly increased in number and, consequently, the members in these 
cultures wholly came to form the gonads within subsequent 6 to 8 days (Fig. 1, 
bin A to D). While, in Culture E under the mecliuh1 conditions, those with the 
immature gonads gradually increased, and then all the members also became sexual 
during subsequent 28 days (Fig. 1, b in E). · 
On the other hand, in Culture F, only two polyps developed the gonads on the 
lOth day a!l<;l on the 1Zth clay after the elate of the transference in the above-stated 
cultures, but the polyps in Culture G remained quite sterile throughout the warm 
period (Fig. I, F and G). · 
The above-said testes matured and they developed a large and . stocky nipple 
at apex in about one week after their bulging and,_ t~ereafter, mature eggs were 
extruded from the body wall (Fig. 2, B) in about two \veeks after the bulging of the 
ovaries. The extrusions occurred collectively within about ten days. after the 
first extrusion in the four cultures in the cold, while they occurred rather 
dispersively over the longer period in Culture E at the medium temperature_ (Fig. 
I, c and din A, B, and E). 
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Fig. 1. Courses of various thermal and nutritive treatments and of the occurrences 
of the s'exual reproduction ln Cultures A to G. 
-Warmth (21±2°C). ---Cold (8±:3°C). ======Medium temperature 
(!4±o2'C). 
•••••• Starvation in the warmth. ------ Starvation in the cole\. 
. (a) Total polyps. (b) Polyps whose immature gonads bulged. 
(c) Polyps whose testes matured. (d) Extruded eggs. 
A B 
Fig. 2. Hydra parva with 
transparent projections of two 
testes and low swelling of an 
ovary {A), and with three 
mature testes, an ovary, and 
an extruded egg (B), from life. 
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. Cultures D, C, and B were individually transferred to the warmth after 36, 
48, and 61 days from the beginning of the cold cultivation, but the thermal 
conditions of Cultures A and E were left as they were. 
In the former three cultures, the gonads quite disappeared from most of the 
polyps in about one week after the transference to the warmth, and, after that, 
tie polyps remained wholly s~erile throughout the warm period which lasted for 
•liout four to five months (Fig: l, B, C, and D). Recoveries of the initial number 
of polyps in Cultures C and D, in the way of the warm cultivation (Fig, I, Jan. 
31 in C and D), were owing to supplements by several surplus polyps which have 
asexually been produced in each culture, for the good of the next experiments .. 
While Culture A was continuously left in the cold till early in March and all 
the polyps except one held their gonads at a stretch, no mature eggs were extruded 
after early in January. Culture E was also left at medium temperature till the· 
end of February, and the polyps uninterruptedly maintained the gonads and the 
maturation of the eggs occurred scatteredly till early in February. 
On the other hand, Cultures F and G, which had been successively left under 
the warm conditions, were separately tranSferred to the medi~m temperature and 
the cold on the 80th day after the beginning of the experiments., As the result, 
the sexual maturity was caused to all the polyps in the same course as ·the case 
of Culture E in the former and it was the same as the .case of Cultures A to Din the 
latter, though their dates of the first bulging of the gonads were more delayed 
owing to the depression of the polyps caused by the sudden change of 
temperature. 
Furthermore, respective halves of the members in Cultures B, C, and D, 
which had continuously been placed· in the warmth after the ·first cold cultivation, 
were transferred ·again to the medium temperature (Culture B) and• to the cold 
(Cultures C and D), and the respective remainders of them were left as they were 
in the warmth. The result was that the development of the gonads was induced 
in all the polyps of Cultures C and D and in 60% of the polyps by the 25th day 
after the transference in Culture B, in the similar manner to the cases of the first 
cold treatment, though the initial dates .of the sexual induction were later than 
those of the latter. 
In Culture B, the rate of the occurrence of the sexual reproduction stopped 
on the above-mentioned percentage. It was because the medium cultivation ended 
on the 25th day, and if the cultivation had been continued, the same rate as the 
·former data shown in Cultures E and F would possibly have been obtained. 
DISCUSSION 
It became clear, from the above-mentioned results, that the sexual maturity 
may be induced by lowering temperature, regardless of the season, in Hydra Parva 
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as was the case in the ,cold type, Pelmatohydra robusta, (ITo, 1954b), and that, 
t_hus, the fall C!( femperature may be one of the determining factors to cause the 
sexual reproduction in this species. In the present ~pe<;:ies, however, the induction 
does not always require to lower the temperature to the cold (ca. 8°C), namely, it 
may oq~ur even by lowering it to the medium t~mperahiT~·-(Ca. i4°C), and the 
p~lyps may occasionally become sexual in the \yarmth, differing' fran: the case 
of the ~old type. The courses of the sexual "induction and maturation are rather 
si~ultaneous and rapid in the cold treatment, while they are rather scattered and 
gradual itl the medium one, and, thus, the former may be m~re stimn!ative to the 
occ~rren~e of the sexual activity.) 
Judging from these fci.cts, th~ mod~ of the sexual occurrence ~n this species 
may be con~idered as a tran~itional type between the cold type and the warm one 
as already reported (.w<Pra cit.), thus, the writer will call the type as medittm type. 
The close relation between this mode of the sexual activity and the geographical 
distribution of this species, which extends over rather more southward. th:;m that 
of the cold type (ITo, 1947), seems also to be noteworthy phylogenetically. 
On the other hand, no sexual maturity was induced by starvation, and the 
s.tarvation in combiriation with the fa11 of temperature does not appear to cause 
such acceleration of the induction as was observed in P. robusta (ITO, 1954 b, c) .• 
. . . . 
at least in the present experiinents. 
T~e writer has hitherto observed that in.natU.r~. ot'this species, a l~~ge number 
of the polyps show the sexual maturity almost simultaneo'usly in fall or early ''dnter 
.in this c~untry, for example, of 128 individuals collected from a pond near Sendai 
early_ in November, 127 polyps were of sexual maturity. Such phenomen_on in 
nature appears probably to be c~aracteristic in this species as compared with those 
in other species, and it may .also closely be C:OI?nectecl with the above-_mentioned 
results in the labor.atory. 
There have been known several species which are closely or relatively related 
to H. parva, such as H. circmncincta (P. Schulze 1917, Wunder 1928, etc.), 
H, hymanae (Hadley and Forrest, 1949), H. ntahensis (Hyman, 1931), H. americana 
. (Hyman, 1929), etc: J:Iowever, no exPe~im~ntal work which analysed their s~x.ual· 
phenomena has been reported hitherto. Their sexual periods have been stated' 
briefly in the taxonomic descriptions of them, which all agree to be fall, and; 
Hyman (1931) stated that H. ·utahensis became sexual when transferred to th~; 
refrigerator, though not clear in details. It is possible from these facts that these:: 
related species are of the same type concerning the mode of the sexual occurren<;li) 
.,. 
as the present species. . ~ . , 
The subjects about the duration of the sexual reproduction and the existenc1 
of the sexual periodicity and so on in this species will be discussed depending o~~ 
. the results obtained from experiment~} isolation cultures in the next paper of the 
ll.EPRODDCTION OF HYDRAS, V!l! 125 
present serial studies. 
·SUMMARY 
1. Causative effects of~ .the. thermal·. and nutritive. factors on_ the sexual 
maturity in a h~rmaphroditic species, H. j>art1a, were studiNl by experimental 
mass 'cuft"ures dnl·ipg ahout seVPn' mOnths.. · · · 
2. The sexual maturity may ~-;e i~C.luced at an extremely 1;igh rate by lowering 
temperature from Warmth (ca. 21 °C) tO COld (ca. 8°C) Or medium (ca. 14°C) 
regardless of season. · 
3. The polyps wholly came to develop the gonads within about one week by 
the cold treatment ancl within about ·one month by the medium one. 
4. The testis matured in about one week and the mature egg was extruded 
in about two weeks, after their bulging in the cold. 
5. In the cold or the meditim, temperature, the polyps continuously held the 
gonads during a long period, but the gonads disappearEd in about one week by 
transferring to the warmth. 
6. In the warmth, the sexual maturity oqly occasionally occurred-and this 
was rrot caused bY starvation, ·and the induction was not accelerated by starVation 
in combination \Vith the cold treatment. 
7. The mode of the sexual -occurrences in H. parva may be considered as a 
transitional type between the cold and the warm ones (ITo, 1954 b), and is to be 
called as medi1tm type. 
1: 
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